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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention. 

The  present  invention  relates  to  heatpipes  for  cool- 
ing  integrated  circuits.  More  specifically,  the  present  in- 
vention  relates  to  a  heatpipe  that  utilizes  a  composite 
containing  graphite  fibers  in  a  configuration  which  ap- 
proximates  a  hemisphere. 

Summary  of  the  Prior  Art. 

Referring  to  Figure  1,  a  cross-sectional  view  of  a 
heatpipe  of  the  prior  art  is  shown.  Heatpipes  1  0  are  well 
known  for  their  use  in  cooling  integrated  circuits.  The 
essence  of  a  heatpipe  10  is  to  provide  an  evaporator  in 
close  proximity  to  a  high  power  integrated  circuit  so  that 
heat  from  the  integrated  circuit  may  be  turned  into  vapor 
and  rapidly  carried  away  from  the  heat  source. 

A  heatpipe  1  0  is  basically  comprised  of  two  regions: 
the  condenser  11  and  the  evaporator  12.  The  evapora- 
tor  1  2  is  located  either  next  to  or  on  top  of  the  integrated 
circuit  13  (hereinafter  sometimes  referred  to  as  "die 
13").  A  thermal  spreader  14  is  sometimes  placed  be- 
tween  the  die  13  and  the  evaporator  12.  The  thermal 
spreader  14  may  be  made  of  copper  (Cu),  molybdenum, 
ceramic  or  other  material  and  serves  to  increase  the  sur- 
face  area  over  which  heat  from  the  die  1  3  contacts  the 
evaporator  12. 

A  fluid  16  is  provided  in  the  evaporator  12.  Heat 
propagates  from  the  die  1  3  to  the  evaporator  1  2  where 
it  heats  the  fluid  16  bringing  about  boiling.  The  boiling 
fluid  absorbs  heat  because  a  phase  change  from  liquid 
to  vapor  requires  heat  energy.  Fluid  vapor  is  transported 
up  the  heatpipe  10  away  from  the  heat  source  (the  die 
13).  The  vapor  transfers  heat  to  the  condenser  11.  At 
the  condenser  1  1  ,  the  heat  is  transferred  to  the  heatpipe 
fins  1  7  where  it  is  removed  to  the  environment.  The  va- 
por  condenses  in  the  condenser  1  1  and  the  condensing 
liquid  flows  back  down  to  the  evaporator  where  it  may 
again  be  boiled,  thereby  repeating  the  process. 

The  configuration  of  the  heatpipe  1  0,  utilizing  vapor 
to  carry  away  heat,  is  used  because  heat  transfer  via 
mass  transfer  in  a  vapor  can  be  more  efficient  than  con- 
duction  in  a  solid.  If,  for  example,  instead  of  being  hol- 
low,  the  heatpipe  10  were  made  of  solid  Cu,  then  the 
heat  would  propagate  a  limited  distance  into  the  Cu  and 
no  farther.  The  result  is  that  the  heat  source  (1  3)  would 
run  hotter,  which  is  undesirable. 

A  heatpipe  10  may  also  have  a  wick  18.  A  wick  18 
is  usually  a  woven  mat,  made  of  Cu  or  some  other  ma- 
terial,  which  moves  condensing  fluid  from  the  condenser 
region  11  to  the  evaporator  12  by  capillary  action.  The 
use  of  a  wick  1  8  permits  a  heatpipe  1  0  to  be  positioned 
arbitrarily  with  respect  to  gravity.  Surface  tension  carries 
the  condensing  fluid  along  the  wick  18  towards  where 

the  wick  18  is  dry,  thereby  returning  fluid  to  the  evapo- 
rator  12  where  it  may  be  boiled  again. 

There  are  shortcomings  to  this  prior  art  arrange- 
ment.  One  shortcoming  is  the  rate  at  which  heat  is  trans- 

5  ferred  from  the  evaporator  surface  12a  to  the  fluid  16. 
This  is  a  function  of  the  surface  area  of  the  evaporator 
surface  12a.  The  greater  the  surface  area,  the  greater 
the  rate  of  heat  exchange.  Although  thermal  spreaders 
1  4  and  finned  evaporators  have  been  used  to  effectively 

10  increase  the  area  of  the  evaporator  surface  12a  which 
receives  die  13  heat,  they  are  of  limited  significance  in 
efficiently  providing  heat  transfer. 

GB-2167550A  describes  a  cooling  apparatus  for  a 
semiconductor  device  including  a  coolant  receptacle  at- 

15  tached  to  the  device  in  which  a  wick  communicates  be- 
tween  the  evaporation  section  and  the  condensation 
section. 

EP-0298372  describes  a  cooling  apparatus  for 
semiconductor  devices  in  which  rectangular  porous 

20  structure  heat  transfer  members  are  attached  to  the  de- 
vices  to  enhance  the  boiling  action  of  the  coolant  adja- 
cent  to  the  devices.  The  apparatus  includes  various  ge- 
ometrical  configurations  for  providing  fluid  to  the  heat 
transfer  members  with  optimal  gas-liquid  flows. 

25 
SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  a  heatpipe  which  has  an  increased  evapora- 

30  tor  surface  area. 
It  is  another  object  of  the  present  invention  to  pro- 

vide  a  heatpipe  having  an  evaporator  which  is  made  of 
composite  graphite  material  and  thereby  takes  advan- 
tage  of  the  properties  of  this  material. 

35  It  is  yet  another  object  of  the  present  invention  to 
provide  a  heatpipe  that  has  a  more  efficiently  shaped 
evaporator  for  cooling  an  integrated  circuit,  that  evapo- 
rator  shape  approximating  a  hemisphere. 

The  attainment  of  these  and  related  objects  may  be 
40  achieved  through  use  of  the  novel  composite  graphite 

heatpipe  apparatus  and  method  herein  disclosed  in 
Claims  1  and  9,  respectively.  A  composite  graphite  heat- 
pipe  in  accordance  with  this  invention  comprises  a  heat- 
pipe  having  an  evaporator  fabricated  out  of  composite 

45  graphite  metal  material  and  having  a  generally  hemi- 
spherical  shape.  Two  methods  of  fabricating  such  an 
evaporator  include  (1)  bundling  and  bonding  a  plurality 
of  composite  graphite  fibers  and  (2)  providing  a  plurality 
of  composite  graphite  fiber  mats  and  compressing  the 

so  mats  about  a  central  point.  In  either  method  the  com- 
posite  graphite  material  is  configured  to  have  a  gener- 
ally  hemispherical  outer  surface.  Evaporators  having  a 
generally  hemispherical  outer  surface  and  made  of  met- 
al,  such  as  Cu,  without  graphite,  are  also  disclosed. 

55  The  attainment  of  the  foregoing  and  related  objects, 
advantages  and  features  of  the  invention  should  be 
more  readily  apparent  to  those  skilled  in  the  art,  after 
review  of  the  following  more  detailed  description  of  the 
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invention,  taken  together  with  the  drawings,  in  which: 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  cross-sectional  view  of  a  heatpipe  of  s 
the  prior  art. 

Figure  2  is  a  cross-sectional  view  of  a  heatpipe  of 
the  preferred  embodiment. 

Figure  3  is  a  cross-sectional  view  of  an  alternative 
heatpipe  of  the  preferred  embodiment.  10 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  Figure  2,  a  cross-sectional  view  of  a  15 
heatpipe  30  of  the  preferred  embodiment  is  shown. 
Graphite  fibers  have  recently  become  available  that 
have  extraordinary  axial  thermal  conductivity.  Both 
Amoco  and  DuPont  have  the  technology  for  making 
these  pitch  based  fibers.  An  example  is  the  Amoco  P-  20 
1  30x  material  which  has  a  thermal  conductivity  of  1  1  00 
W/m-K,  three  times  that  of  Cu.  These  graphite  fibers  are 
being  used  to  make  metal  matrix  composites  with  low 
planar  expansion  coefficients  and  high  thermal  conduc- 
tivity.  Aluminum  and  copper  are  both  suitable  matrix  ma-  25 
terials,  and  other  metals  may  be  used.  The  term  com- 
posite  graphite  used  herein  is  intended  to  mean  com- 
posite  graphite-metal,  unless  otherwise  stated. 

In  the  preferred  embodiment,  composite  graphite 
fibers  are  used  which  consist  of  graphite  fibers  coated  30 
with  Cu.  The  copper  plated  graphite  fibers  may  be  joined 
using  hot  isostatic  pressing  or  diffusion  bonding.  The 
composite  fibers  provide  the  excellent  axial  thermal  con- 
ductivity  of  graphite  with  the  joining  strength  and  rela- 
tively  good  thermal  properties  of  Cu.  The  fibers  are  fur-  35 
ther  shaped,  as  described  below,  to  provide  an  ideal 
evaporator  surface  configuration. 

If  it  is  desired  to  cool  a  particular  device,  the  ideal 
evaporator  surface  for  cooling  that  item  would  be  spher- 
ical,  having  a  surface  configuration  resembling  a  "fuzzy  40 
ball."  Since  integrated  circuits  are  planar  in  configura- 
tion,  one  side  being  adjacent  to  a  circuit  board,  the  ideal 
evaporator  surface  is  hemispherical  in  configuration. 
The  fibers,  accordingly,  are  configured  as  fiber  bundles 
(Figure  2)  or  as  mats  (Figure  3)  to  accomplish  this  con-  45 
figuration. 

To  create  the  desired  configuration,  composite  fib- 
ers  31  are  grouped  into  a  bundle  (all  identified  as  31 
because  they  are  an  indistinguishable  collection  of  fib- 
ers).  The  fibers  31  may  be  grouped  or  bundled  in  "tows"  so 
which  are  collections  of  multiple  fibers,  often  1000  to 
2000  fibers  per  tow.  These  tows,  or  yarns  as  they  are 
sometimes  referred  to,  may  also  be  bunched  and  braid- 
ed.  The  fibers  31  are  connected  to  a  die  attach  platform 
34  of  the  evaporator  33.  The  method  of  connection  in-  55 
eludes  either  soldering,  fusing  or  pressing  operations. 
The  desired  result,  regardless  of  connection  method,  is 
to  directly  couple  heat  into  the  fibers  31  . 

A  more  specific  process  for  making  the  appropriate 
evaporator  configuration  is  to  take  a  bundle  of  fibers  31 
and  bond  them  together  in  a  short  zone  at  the  midpoint. 
These  bonded  fiber  bundles  31  are  then  sliced  to  form 
two  "shaving  brushes."  A  shaving  brush  (a  split  fiber 
bundle  31  )  is  then  bonded  to  the  die  attach  platform  34. 
The  die  attach  platform  34  is  machined  and/or  plated  to 
form  the  actual  attachment  platform.  The  condenser  as- 
sembly  37  is  attached  and  the  entire  assembly  cleaned. 
Pumpout,  the  act  of  vacuum  cleaning  the  heatpipe  and 
evaporating  atmospheric  gases,  and  fluid  fill  are  then 
conducted  to  complete  the  heatpipe  30  assembly.  Alter- 
native  methods  of  consolidating  the  fibers  31  include 
means  such  as  swaging  or  rolling  a  metal  collar  around 
them  to  make  a  confined  plug.  Potting  in  an  organic  or 
inorganic  cement  is  also  possible. 

Such  a  composite  graphite  heatpipe  30  permits 
several  advantages  over  more  conventional  structures. 
The  high  fiber  axial  conductivity  permit  enormous  effec- 
tive  surface  area  enhancement.  As  the  fibers  leave  the 
die  attach  platform  they  fan  out  in  three  dimensions  to 
approximate  hemispherical  spreading  which  is  more  ef- 
fective  than  simple  planar  spreading.  Inaddition,  if  these 
fibers  are  woven  into  yarn  bundles  prior  to  consolidation, 
a  labyrinth  of  passages  are  formed  which  provide  a 
wealth  of  nucleation  sites,  permitting  high  heat  fluxes 
with  low  wall  superheat. 

Fibers  31  could  also  be  provided  that  are  long 
enough  to  stretch  into  the  condenser  37,  thereby  pro- 
viding  a  wick  39.  The  wick  fibers  39  are  longer  than 
those  needed  for  evaporator  performance  and  the  ex- 
tended  portion  is  held  against  the  walls  in  the  condenser 
area  37.  This  permits  operation  of  the  heatpipe  30  in  an 
arbitrary  orientation.  The  fiber  bundles  31  and  wicks  39, 
in  this  instance,  have  a  primary  function  of  expanding 
surface  area  for  heat  removal  and  a  secondary  function 
of  returning  condensing  fluid  to  the  evaporator  33. 

Additionally,  composite  fibers  could  be  added  in  the 
vicinity  of  the  die  attach  platform  34,  and  placed  at  right 
angles  to  the  bundles  31  .  These  additional  fibers  reduce 
the  planar  expansion  coefficient,  reducing  die  stress, 
and  permit  some  degree  of  planar  thermal  spreading  to 
be  exploited. 

Several  other  advantages  would  apply  to  heatpipes 
of  this  design,  but  made  of  more  conventional  materials. 
For  example,  a  configuration  of  soldered  arrays  of  cop- 
per  wires  could  be  pressed  and  fused  or  soldered  into 
a  packed  hexagonal  assembly. 

Referring  to  Figure  3,  a  cross-sectional  view  of  an 
alternative  heatpipe  50  of  the  preferred  embodiment  is 
shown.  The  heatpipe  50  is  essentially  the  same  as  the 
heatpipe  30  (of  Figure  2),  except  that  the  evaporator  53 
is  made  out  of  composite  graphite  mats  instead  of  indi- 
vidual  or  bundles  of  composite  graphite  fibers  31.  The 
above  mentioned  Cu  coated  graphite  fibers  may  be  wo- 
ven  into  matrixes  51  (hereinafter  "mats  51").  The  mats 
are  placed  one  on  top  of  another  until  they  form  a  stack. 
A  "C"  clamp  55  is  utilized  to  apply  a  great  force  to  the 
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center  of  the  stack  forcing  the  edges  of  the  mats  to  turn 
upward,  thereby  approximating  a  hemisphere,  in  much 
the  same  way  pressure  in  the  middle  of  a  pile  of  tissues 
causes  the  edges  of  the  tissues  to  move  upward.  The  2. 
stack  of  mats  bound  by  the  C  clamp  55  are  placed  in  a  s 
furnace  and  permanently  fused  together.  When  the  C 
clamp  55  is  removed,  the  mats  stay  compressed.  An  al- 
ternative  method  of  creating  this  stack  is  to  provide  al-  3. 
ternating  layers  of  graphite  and  Cu  foil  to  produce  a 
stack.  The  stack  is  then  compressed  and  fused  as  10 
above. 

The  mats  51  are  connected  to  the  die  attach  regions  4. 
34,  in  much  the  same  manner  as  the  fibers  31  are  con- 
nected  to  die  attach  region  34.  The  evaporator  53  pro- 
vides  the  same  attach  region  34.  The  evaporator  53  pro-  15 
vides  the  same  advantages  and  accommodations  as 
described  above  with  reference  to  Figure  2.  One  addi-  5. 
tional  advantage  provided  by  the  use  of  mats  is  that  the 
expansion  coefficient  in  the  middle  (or  compressed  re- 
gion)  can  be  engineered  to  (1)  more  evenly  match  the  20 
expansion  coefficient  of  silicon  and  (2)  cause  the  mats 
51  to  behave  more  like  individual  fibers. 

Both  techniques  effectively  form  a  "porous"  fuzzy  6. 
ball  which  greatly  increases  the  surface  area  of  the 
evaporator  and  increases  the  number  of  nucleation  25 
sites.  The  rate  at  which  heat  is  removed  from  an  inte- 
grated  circuit  is  also  increased. 

The  foregoing  descriptions  of  specific  embodiments 
of  the  present  invention  have  been  presented  for  pur- 
poses  of  illustration  and  description.  They  are  not  in-  30  7. 
tended  to  be  exhaustive  or  to  limit  the  invention  to  the 
precise  forms  disclosed,  and  obviously  many  modifica- 
tions  and  variations  are  possible  in  light  of  the  above 
teaching.  The  embodiments  were  chosen  and  de- 
scribed  in  order  to  best  explain  the  principles  of  the  in-  35  8. 
vention  and  its  practical  application,  to  thereby  enable 
others  skilled  in  the  art  to  best  utilize  the  invention  and 
various  embodiments  with  various  modifications  as  are 
suited  to  the  particular  use  contemplated.  It  is  intended 
that  the  scope  of  the  invention  be  defined  by  the  Claims  40  9. 
appended  hereto. 

Claims 
45 

1.  A  heatpipe  apparatus,  comprising: 

a  reservoir  member  (33,53)  having  an  attach- 
ment  surface  (34);  and 
a  heat  transfer  member  in  said  reservoir  mem-  so 
ber  thermally  coupled  to  said  attachment  sur- 
face  for  conducting  heat  away  from  the  attach-  1  0, 
ment  surface; 

characterized  by  55 
said  heat  transfer  member  being  a  porous  11. 

heat  transfer  member  having  a  porous  configura- 
tion  of  material  which  approximates  a  hemisphere 

for  enhanced  heat  removal  from  said  attachment 
surface. 

The  heatpipe  apparatus  of  claim  1  ,  further  charac- 
terized  by  said  porous  heat  transfer  member  being 
comprised  of  graphite  and  metal. 

The  heatpipe  apparatus  of  claim  1  ,  further  charac- 
terized  by  said  porous  heat  transfer  member  com- 
prised  of  graphite  fibers  (31)  coated  with  metal. 

The  heatpipe  apparatus  of  claim  1  ,  further  charac- 
terized  by  said  porous  heat  transfer  member  being 
comprised  of  graphite  fibers  (31)  coated  with  cop- 
per. 

The  heatpipe  apparatus  of  claim  1  ,  further  charac- 
terized  by  said  porous  heat  transfer  member  being 
comprised  of  a  plurality  of  fibers  (31)  connected  to 
said  attachment  surface  and  positioned  so  as  to  ap- 
proximate  said  hemisphere. 

The  heatpipe  apparatus  of  claim  1  ,  further  charac- 
terized  by  said  porous  heat  transfer  member  being 
comprised  of  more  than  1000  composite  graphite- 
metal  fibers  (31  )  connected  to  said  attachment  sur- 
face  and  positioned  so  as  to  approximate  said  hem- 
isphere. 

The  heatpipe  apparatus  of  claim  1  ,  2,  3  or  4,  further 
characterized  by  said  porous  heat  transfer  member 
being  comprised  of  a  plurality  of  mats  (51)  com- 
pressed  about  a  central  area. 

The  heatpipe  apparatus  of  claim  1  further  charac- 
terized  by  said  porous  heat  transfer  member  being 
comprised  of  a  plurality  of  composite  graphite-metal 
mats  (51)  compressed  about  a  central  area. 

A  method  of  fabricating  an  evaporator  for  a  heat- 
pipe,  comprising  the  steps  of: 

attaching  a  heat  transfer  member  to  an  at- 
tachment  surface  (34)  in  a  reservoir  member 
(33,53),  said  heat  transfer  member  for  conducting 
heat  away  from  the  attachment  surface; 

characterized  by 
configuring  said  heat  transfer  member  with  a 

porous  configuration  of  material  to  approximate  a 
hemisphere  for  enhanced  heat  removal  from  said 
attachment  surface. 

The  method  of  claim  9,  further  characterized  by 
forming  said  porous  heat  transfer  member  from 
graphite  and  metal. 

The  method  of  claim  9,  further  characterized  by 
forming  said  porous  heat  transfer  member  from 
graphite  fibers  (31)  coated  with  metal. 

4 
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12.  The  method  of  claim  9,  further  characterized  by 
forming  said  porous  heat  transfer  member  from 
graphite  fibers  (31)  coated  with  copper. 

13.  The  method  of  claim  9,  further  characterized  by 
forming  said  porous  heat  transfer  member  by  con- 
necting  a  plurality  of  fibers  to  said  attachment  sur- 
face  and  positioning  said  fibers  so  as  to  approxi- 
mate  said  hemisphere. 

14.  The  method  of  claim  13,  further  characterized  by 
forming  said  porous  heat  transfer  member  from 
more  than  1000  composite  graphite-metal  fibers 
(31). 

15.  The  method  of  claim  9,  10,  11  or  12,  further  charac- 
terized  by  forming  said  porous  heat  transfer  mem- 
ber  from  a  plurality  of  mats  (51  )  compressed  about 
a  central  area. 

16.  The  method  of  claim  9,  further  characterized  by 
forming  said  porous  heat  transfer  member  from  a 
plurality  of  composite  graphite-metal  mats  (51) 
compressed  about  a  central  area. 

Patentanspriiche 

1.  Warmeleitrohr-Vorrichtung,  die  folgendes  enthalt: 

ein  Behalterteil  (33;  55)  mit  einer  Befestigungs- 
flache  (34);  und 

ein  Warmetransportteil  in  dem  Behalterteil,  das 
thermisch  mit  der  Befestigungsflache  verbun- 
den  ist,  urn  Warme  von  der  Befestigungsflache 
weg  zu  leiten; 

dadurch  gekennzeichnet,  dal3 
das  Warmetransportteil  ein  poroses  Warmetrans- 
portteil  ist,  das  eine  porose  Materialgestalt  auf- 
weist,  die  an  eine  Halbkugel  angenahert  ist,  fur  eine 
verbesserte  Warmeableitung  von  der  Befesti- 
gungsflache. 

2.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1  ,  die 
weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 
rose  Warmetransportteil  aus  Graphit  und  Metall  be- 
steht. 

3.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1  ,  die 
weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 
rose  Warmetransportteil  aus  Graph  itfasern  (31  )  be- 
steht,  die  mit  Metall  beschichtet  sind. 

4.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1  ,  die 
weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 
rose  Warmetransportteil  aus  Graph  itfasern  (31  )  be- 

steht,  die  mit  Kupfer  beschichtet  sind. 

5.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1,  die 
weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 

5  rose  Warmetransportteil  aus  einer  Vielzahl  von  Fa- 
sern  (31)  besteht,  die  mit  der  Befestigungsflache 
verbunden  und  so  angeordnet  sind,  dal3  sie  an  die 
Halbkugel  angenahert  sind. 

10  6.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1,  die 
weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 
rose  Warmetransportteil  aus  mehr  als  1000  Fasern 
(31)  aus  Graphit-Metall-Verbundstoff  besteht,  die 
mit  der  Befestigungsflache  verbunden  und  so  an- 

15  geordnet  sind,  dal3  sie  an  die  Halbkugel  angenahert 
sind. 

7.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1,  2,  3 
oder  4,  die  weiterhin  dadurch  gekennzeichnet  ist, 

20  dal3  das  porose  Warmetransportteil  aus  einer  Viel- 
zahl  von  Matten  (51)  besteht,  die  urn  einen  zentra- 
len  Bereich  herum  zusammengedruckt  sind. 

8.  Warmeleitrohr-Vorrichtung  nach  Anspruch  1,  die 
25  weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 

rose  Warmetransportteil  aus  einer  Vielzahl  von 
Matten  (51)  aus  Graphit-Metall-Verbundstoff  be- 
steht,  die  urn  einen  zentralen  Bereich  herum  zu- 
sammengedruckt  sind. 

30 
9.  Verfahren  zur  Herstellung  eines  Verdampfers  fur 

ein  Warmeleitrohr,  mit  den  folgenden  Verfahrens- 
schritten: 
Befestigen  eines  Warmetransportteils  an  einer  Be- 

35  festigungsflache  (34)  in  einem  Behalterteil  (33;  53), 
wobei  das  Warmetransportteil  dazu  dient,  Warme 
von  der  Befestigungsflache  weg  zu  leiten; 
gekennzeichnet  durch 
Gestalten  des  Warmetransportteils  mit  einer  poro- 

40  sen  Materialgestalt  zur  Annaherung  an  eine  Halb- 
kugel  fur  eine  verbesserte  Warmeableitung  von  der 
Befestigungsflache. 

10.  Verfahren  nach  Anspruch  9,  das  weiterhin  dadurch 
45  gekennzeichnet  ist,  dal3  das  porose  Warmetrans- 

portteil  aus  Graphit  und  Metall  gebildet  wird. 

11.  Verfahren  nach  Anspruch  9,  das  weiterhin  dadurch 
gekennzeichnet  ist,  dal3  das  porose  Warmetrans- 

50  portteil  aus  Graphitfasern  (31  )  gebildet  wird,  die  mit 
Metall  beschichtet  sind. 

12.  Verfahren  nach  Anspruch  9,  das  weiterhin  dadurch 
gekennzeichnet  ist,  dal3  das  porose  Warmetrans- 

55  portteil  aus  Graphitfasern  (31  )  gebildet  wird,  die  mit 
Kupfer  beschichtet  sind. 

13.  Verfahren  nach  Anspruch  9,  das  weiterhin  dadurch 

5 
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gekennzeichnet  ist,  dal3  das  porose  Warmetrans- 
portteil  durch  Verbinden  einer  Vielzahl  von  Fasern 
mit  der  Befestigungsflache  sowie  dadurch  gebildet 
wird,  dal3  die  Fasern  so  angeordnet  werden,  dal3 
sie  an  die  Halbkugel  angenahert  sind. 

14.  Verfahren  nach  Anspruch  13,  das  weiterhin  da- 
durch  gekennzeichnet  ist,  dal3  das  porose  Warme- 
transportteil  aus  mehr  als  1000  Fasern  (31)  aus 
Graphit-Metall-Verbundstoff  gebildet  wird. 

15.  Verfahren  nach  Anspruch  9,  10,  11  oder  12,  das 
weiterhin  dadurch  gekennzeichnet  ist,  dal3  das  po- 
rose  Warmetransportteil  aus  einer  Vielzahl  von 
Matten  (51)  gebildet  wird,  die  urn  einen  zentralen 
Bereich  herum  zusammengedruckt  sind. 

16.  Verfahren  nach  Anspruch  9,  das  weiterhin  dadurch 
gekennzeichnet  ist,  dal3  das  porose  Warmetrans- 
portteil  aus  einer  Vielzahl  von  Matten  (51  )  aus  Gra- 
phit-Metall-Verbundstoff  gebildet  wird,  die  urn  einen 
zentralen  Bereich  herum  zusammengedruckt  sind. 

Revendications 

1.  Caloduc  tubulaire  comprenant  : 

un  organe  formant  reservoir  (33,  53)  compor- 
tant  une  surface  de  fixation  (34);  et 
un  organe  de  transfer!  de  chaleur  place  dans 
ledit  organe  formant  reservoir  et  relie  thermi- 
quement  a  ladite  surface  de  fixation  pour  con- 
duire  la  chaleur  a  distance  de  la  surface  de  fixa- 
tion; 

caracterise  par  le  fait  que 
ledit  organe  de  transfer!  de  chaleur  est  un  or- 

gane  de  transfert  de  chaleur  poreux  qui  presente 
une  configuration  de  matiere  poreuse  ayant  une  for- 
me  proche  d'un  hemisphere  pour  permettre  une 
meilleure  evacuation  de  la  chaleur  de  ladite  surface 
de  fixation. 

2.  Caloduc  tubulaire  selon  la  revendication  1,  egale- 
ment  caracterise  par  le  fait  que  ledit  organe  de 
transfert  de  chaleur  poreux  est  compose  de  graphi- 
te  et  de  metal. 

3.  Caloduc  tubulaire  selon  la  revendication  1,  egale- 
ment  caracterise  par  le  fait  que  ledit  organe  de 
transfert  de  chaleur  poreux  est  compose  de  fibres 
de  graphite  (31)  revetues  de  metal. 

4.  Caloduc  tubulaire  selon  la  revendication  1,  egale- 
ment  caracterise  par  le  fait  que  ledit  organe  de 
transfert  de  chaleur  poreux  est  compose  de  fibres 
de  graphite  (31)  revetues  de  cuivre. 

5.  Caloduc  tubulaire  selon  la  revendication  1,  egale- 
ment  caracterise  par  le  fait  que  ledit  organe  de 
transfer!  de  chaleur  poreux  est  compose  de  plu- 
sieurs  fibres  (31  )  reliees  a  ladite  surface  de  fixation 

5  et  positionnees  de  maniere  a  avoir  une  forme  pro- 
che  dudit  hemisphere. 

6.  Caloduc  tubulaire  selon  la  revendication  1,  egale- 
ment  caracterise  par  le  fait  que  ledit  organe  de 

10  transfer!  de  chaleur  poreux  est  compose  de  plus  de 
1000  fibres  (31)  d'un  composite  graphite-metal  re- 
liees  a  ladite  surface  de  fixation  et  positionnees  de 
maniere  a  avoir  une  forme  proche  dudit  hemisphe- 
re. 

15 
7.  Caloduc  tubulaire  selon  la  revendication  1  ,  2,  3  ou 

4,  egalement  caracterise  par  le  fait  que  ledit  organe 
de  transfert  de  chaleur  poreux  est  compose  de  plu- 
sieurs  mats  (51  )  comprimes  autour  d'une  zone  cen- 

20  trale. 

8.  Caloduc  tubulaire  selon  la  revendication  1,  egale- 
ment  caracterise  par  le  fait  que  ledit  organe  de 
transfer!  de  chaleur  poreux  est  compose  de  plu- 

25  sieurs  mats  (51)  d'un  composite  graphite-metal 
comprimes  autour  d'une  zone  centrale. 

9.  Procede  de  fabrication  d'un  evaporateur  pour  un 
caloduc  tubulaire,  comprenant  les  etapes  de  : 

30  fixation  d'un  organe  de  transfert  de  chaleur  a 
une  surface  de  fixation  (34)  dans  un  organe  formant 
reservoir  (33,  53),  ledit  organe  de  transfer!  de  cha- 
leur  etant  destine  a  conduire  la  chaleur  a  distance 
de  la  surface  de  fixation; 

35  caracterise  par 
la  conformation  dudit  organe  de  transfer!  de 

chaleur  pour  qu'il  presente  une  configuration  de 
matiere  poreuse  ayant  une  forme  proche  d'un  he- 
misphere  afin  de  permettre  une  meilleure  evacua- 

40  tion  de  la  chaleur  de  ladite  surface  de  fixation. 

1  0.  Procede  selon  la  revendication  9,  egalement  carac- 
terise  par  la  formation  dudit  organe  de  transfert  de 
chaleur  poreux  a  partir  de  graphite  et  de  metal. 

45 
1  1  .  Procede  selon  la  revendication  9,  egalement  carac- 

terise  par  la  formation  dudit  organe  de  transfert  de 
chaleur  poreux  a  partir  de  fibres  de  graphite  (31) 
revetues  de  metal. 

50 
1  2.  Procede  selon  la  revendication  9,  egalement  carac- 

terise  par  la  formation  dudit  organe  de  transfert  de 
chaleur  poreux  a  partir  de  fibres  de  graphite  (31) 
revetues  de  cuivre. 

55 
1  3.  Procede  selon  la  revendication  9,  egalement  carac- 

terise  par  la  formation  dudit  organe  de  transfert  de 
chaleur  poreux  par  liaison  de  plusieurs  fibres  avec 

25 
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ladite  surface  de  fixation  et  positionnement  desdi- 
tes  fibres  afin  qu'elles  aient  une  forme  proche  dudit 
hemisphere. 

14.  Procede  selon  la  revendication  13,  egalement  ca-  s 
racterise  par  la  formation  dudit  organe  de  transfert 
de  chaleur  poreux  a  partir  de  plus  de  1000  fibres 
(31)  d'un  composite  graphite-metal. 

15.  Procede  selon  la  revendication  9,  10,  11  ou  12  ega-  10 
lement  caracterise  par  la  formation  dudit  organe  de 
transfert  de  chaleur  poreux  a  partir  de  plusieurs 
mats  (51  )  comprimes  autour  d'une  zone  centrale. 

16.  Procede  selon  la  revendication  9,  egalement  carac-  15 
terise  par  la  formation  dudit  organe  de  transfert  de 
chaleur  poreux  a  partir  de  plusieurs  mats  (51  )  d'un 
composite  graphite-metal  comprimes  autour  d'une 
zone  centrale. 

25 

30 

35 

40 

45 

50 

55 



P  0  435  474  B1 



EP  0  435  474  B1 

9 


	bibliography
	description
	claims
	drawings

